Cumulus cells were then removed from 1-cell embryos in the medium in the presence of 0.2% hyaluronidase and they were rinsed three times in the medium. Degenerated ova were excluded from the experiments.
Two-cell embryos were also collected on day 2 (48 h after hCG) using the same method described above.
In each experiment, all the embryos from 3 to 4 females were pooled in the medium, and were introduced into each experimental droplet of medium at random. The standard culture medium was HECM-1 or mKRB solution supplemented with 0.1% polyvinyl alcohol (PVA), and the standard culture conditions were 37 C under 5% CO2 in air. with the dye and cultured for a specified time. The embryos were then washed in HECH-1 +0.1% PVA to remove the traces of the dye and were placed individually in a small droplet of HECM-1 + 0.1% PVA which had been made in a 4-well multiplate (Nunc Co.). The fluorescence emissions of the embryos were measured immediately by using a microscope with stabilized xenon lamp, filter set, photomultiplier and photometer (IMT-2, OSP-MBI, OSP-PMU, OXP-CBI; Olympus Optical Co., Tokyo, Japan).
Measurement of hydrogen peroxide within embryos
The individual embryo was exposed to the excitation wavelength and the fluorescent emission was recorded. (Table 3) .
Production of H2O2
The fluorescence emissions of the embryos cultured under 5% O2 were significantly (P<0.01) lower than those cultured under 20% O2 in HECM-1 (Table 4 ). The fluorescence emissions of the embryos cultured in mKRB were significantly (P<0.01) higher than those cultured in HECM-1, irrespective of the oxygen tension (Table 4) . Addition of phosphate to HECM-1 did not affect the fluorescence emissions of the embryos at any concentration examined (Table 5 ). Addition of glucose did not affect the fluorescence emissions (Table 6 ). L-cysteine significantly decreased the fluorescence emissions of the embryos in mKRB ( Another major difference between HECM-1 and mKRB is that HECM-1 contains 20 kinds of amino acids. Among these amino acids the effect of Lcysteine needs to be discussed, because it is known that L-cysteine promotes the in vitro development of mouse embryos [36] . Furthermore, L-cysteine is known to have radical scavenging activity [37] . In fact, L-cysteine significantly decreased the production of H2O2 in embryos in the Experiment 7 of the present study.
Lower production of H2O2 in rat embryos in HECM-1 than those in mKRB, which was observed in Experiment 4, may be due to this radical scavenging activity of L-cysteine. However, as observed in Experiment 3, the more addition of L-cysteine was not sufficient to overcome the developmental block in mKRB.
In conclusion, we demonstrated that addition of glucose and phosphate independently inhibited the development of rat embryos in HECM-1. However, the reason why in vitro developmental block of rat embryos is overcome in HECM-1 could not be explained simply in terms of oxygen toxicity. Oxygen radical-induced cellular dysfunction may be but one of a number of factors which lead to the in vitro developmental block. Another factor contributing to the block may be metabolic regulation, 
